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Introduction:  Ethyl  glucuronide  (EtC)  has  been  studied  in  various  tissues  and  body  fluid  for  determination 
of  alcohol  intake.  However,  no  study,  dealing  with  EtG  analysis  in  dental  tissue,  was  performed  so  far.  In 
this  study,  we  aimed  to  demonstrate  EtG  levels  in  dental  tissue. 

Materials  and  methods:  Michigan  Alcohol  Screening  Test  (MAST)  was  performed  to  29  participants. 
Following  the  test,  cases  were  divided  into  three  groups  as  non-hazardous  alcohol  users,  alcohol  abusers 
and  6  controls  who  verbally  declared  that  they  were  abstainers.  A  total  of  29  tooth  specimens,  obtained 
from  participants,  was  included  in  the  study.  These  specimens  were  analyzed  using  LC/MS/MS. 

Results:  All  of  the  participants  included  in  the  study  were  male.  According  to  the  MAST  outcomes  14  of 
the  participants  were  non-hazardous  alcohol  users,  and  9  were  alcohol  abusers,  while  6  patients  verbally 
declared  that  they  were  abstainers.  Dental  tissue  analyses  revealed  EtG  levels  ranging  between 
EtG  <  LOD  and  23.39  pg/mg.  EtG  levels  were  observed  to  be  <LOD  in  dental  specimens  of  6  abstainer 
cases.  A  significant  correlation  was  found  between  EtG  levels  measured  in  the  dental  tissues  and  MAST 
outcomes  on  the  statistical  analyses  (r=  0.914). 

Conclusion:  The  findings  of  the  present  study  demonstrated  that  dental  tissue  can  be  used  for  detection  of 
alcohol  intake,  using  LC/MS/MS. 

©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Alcohol  use  continues  to  rise  throughout  the  world.* 1  Thereby, 
alcohol  related  issues  are  still  of  high  importance  in  daily  forensic 
practice.  Alcohol  is  metabolized  following  intake  in  living  ones, 
while  microbial  activity  and  fermentation  of  glucose  after  death 
may  lead  to  postmortem  production  of  alcohol  under  some 
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circumstances  in  the  corpses,  which  might  cause  serious  problems 
during  evaluation  of  forensic  cases.2-5  Determination  of  levels  of 
consumed  alcohol  is  unreliable  in  some  cases  because  of  alcohol 
levels  possibly  produced  by  microbial  activity.  And  detecting  an 
accurate  level  of  ethanol  became  impossible  in  such  cases.  There¬ 
fore,  ethyl  glucuronide  (EtG),  a  minor  metabolite  of  ethyl  alcohol,  is 
used  for  this  purpose.6-8  By  a  number  of  researchers,  EtG  has  been 
previously  demonstrated  in  various  tissues  and  body  fluid  for 
revealing  alcohol  intake.6,9-12  However,  to  date,  no  study  dealing 
with  EtG  analysis  in  dental  tissue  was  performed. 

Dental  tissue  is  one  of  the  specimens  used  in  forensic  medical 
applications  and  analyses.13  Because  it  is  a  live  tissue  that  give 
response  to  physiological  and  pathological  alterations  with  its  mi¬ 
cro-circulation.14-16  Dental  tissue  is  of  high  importance  due  to  its 
durable  structure  in  case  of  the  deterioration  of  the  body  integrity 
caused  by  diseases,  postmortem  changes  and  severe  traumatic 
events.13,17 


1752-928 X/$  —  see  front  matter  ©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 
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In  this  study,  to  the  best  of  our  knowledge  as  the  first  study  in 
this  field  we  aimed  to  demonstrate  EtG  levels  in  dental  tissue  using 
LC/MS/MS  method  and  to  reveal  its  correlation  with  alcohol  intake 
behavior. 

2.  Materials  and  methods 

2.J.  Ethics  statement  and  subject 

The  tooth  specimens  used  in  this  study  were  obtained  from  the 
patients  presented  to  Dental  Clinic  of  Mustafa  Kemal  University, 
Medical  Faculty  for  examination.  Extracted  teeth  of  the  patients  in 
whom  the  decision  was  made  for  tooth  extraction  were  taken  after 
informing  them  about  the  study.  Informed  consent  was  given  by  all 
participants.  Michigan  Alcohol  Screening  Test  (MAST)  was  per¬ 
formed  to  29  participants.  Following  the  test,  cases  were  divided 
into  three  groups  as  non-hazardous  alcohol  users,  alcohol  abusers 
and  6  controls  who  verbally  declared  that  they  were  abstainers. 
Twenty-nine  tooth  specimens  obtained  from  these  patients  were 
included  in  the  scope  of  the  study.  The  specimens  were  preserved 
in  clean  Eppendorf  tubes  and  consequently  analyzed  with  LC/MS / 
MS  method.  The  protocol  of  this  study  was  approved  by  the  Mus¬ 
tafa  Kemal  University  Ethics  Committee. 

2.2.  Chemicals,  reagents  and  materials 

EtG  and  deuterium-labeled  EtG-d5  standards  (internal  stan¬ 
dard)  were  obtained  from  Medichem  (Stuttgart,  Germany).  All 
solvents  were  hypergraded  for  LC— MS  LiChrosolv  and  purchased 
from  Merck  KGaA  (Darmstadt,  Germany).  Deionized  water  was 
obtained  from  the  Milli-Q  (Millipore,  Bedford,  USA)  water  purifi¬ 
cation  system. 

Stock  solutions  of  EtG  (10  pg/ml)  and  d5-EtG  (2.5  pg/ml)  were 
prepared  in  methanol  and  they  were  stored  at  -20  °C.  Working 
standard  solutions  used  for  calibration  and  quality  control  samples 
were  prepared  by  2,  5, 10,  20,  50, 100,  200, 1000  and  2000  ng/ml.  All 
working  solutions  were  stored  in  a  refrigerator  when  not  in  use. 

2.3.  Specimen  preparation 

Extracted  teeth  were  cut  from  the  root  part  containing  dentin. 
After  the  addition  of  5—6  steel  ball  bearings  (2  mm  diameter)  to 


each  vial,  the  capped  vials  were  placed  in  a  Mini-Bead-Beater-8,  a 
high  energy  cell  disrupter  (BioSpec  Products,  Bartlesville,  OK,  USA) 
for  approximately  3  min  or  until  powdered. 

The  powderized  specimen  of  50  mg  was  weighed  with  a  sen¬ 
sitive  scale  and  placed  in  a  tube.  A  mixture  of  50%  acetonitrile/50% 
water  was  added  on  it,  and  this  mixture  was  kept  in  an  ultrasonic 
bath  at  25  °C  for  2  h.  Then,  internal  standard  of  50  pi  was  added 
on  it  and  mixed  with  vortex.  Then  it  centrifuged  at  4000  rpm  for 

10  min.  2  ml  was  extracted  from  the  upper  part  and  placed  in  the 
autosampler  vials.  The  specimens  were  separately  subjected  to 
extraction  with  mixtures  of  water/acetonitrile/methanol,  aceto¬ 
nitrile/water  of  80%  and  acetonitrile/water  of  50%  and  the  best 
result  was  obtained  with  the  mixture  of  50%  acetonitrile/50% 
water. 

2.4.  LC— MS/MS  conditions 

The  specimens  were  analyzed  using  an  Agilent  Technologies 
1200  system  that  consisted  of  a  G1367C  autosampler,  a  G1379B 
degasser,  G1312B  binary  pump.  Separation  was  achieved  using  two 
Zorbax  Hilic  Plus  (4.6  x  100  mm,  3.5  micron  particle  size)  serial 
connected  column.  Reverse— reverse  chromatographic  technique 
was  used.  The  column  was  held  at  25  °C  in  a  G1316B  Thermostatted 
Column  Compartment  (Wilmington,  DE,  USA).  The  solvent  system 
was  a  gradient  that  consisted  of  A  (1  mM  NH4Ac)  and  B  (acetoni¬ 
trile),  using  a  flow  rate  of  0.8  mL/min.  The  solvent  program  held  B  at 
65%  from  0.0  min  to  2.2  min.  Solvent  B  was  decreased  to  20%  be¬ 
tween  2.3  and  9.5  min.  Solvent  B  was  increased  to  20%  at  5.1  min 
and  held  at  65%  until  10.0  min.  The  detector  was  Agilent  Technol¬ 
ogies  6460  Triple  Quad  LC/MS  System  using  electro-spray  ioniza¬ 
tion  (ESI)  in  the  negative  mode  (Wilmington,  DE,  USA).  The 
capillary  voltage  was  set  at  4000  V,  the  nozzle  voltage  set  at  0  V  and 
the  desolvation  gas  (nitrogen)  was  heated  to  350  °C  with  a  flow  of 

11  1/min.  Nebulazator  pressure:  50  psi.  The  sheath  gas  (nitrogen) 
was  heated  to  350  °C  and  delivered  at  11  1/min. 

The  internal  standard  (ETG-d5)  was  monitored  using  the  m/z 
226.0  >  75.0  (quantification  ion)  transition  and  the  m/z  226.0  > 
85.0  (qualifying  ion)  transition.  The  m/z  221.0  >  75.0  (quantification 
ion)  and  m/z  221.0  >  85.0  (qualifying  ion)  transitions  were  used  to 
monitor  ETG.  All  three  transitions  used  a  fragmentor  voltage  of 
100  V  and  collision  energy  of  12  V.  All  data  were  processed  using 
MassHunter  B.04.01  (Wilmington,  DE,  USA). 
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Fig.  1.  Integration  peak  list. 
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Table  1 

EtG  spikes  of  the  same  sample  of  5,  20  and  50  pg/mg. 


50  ACN  ext.d  21,450a 

50  ACN  ext  +  5  pg/mg  EtG  spiked.d  74,771 

50  ACN  ext  +  20  pg/mg  EtG  spiked.d  221,641 

50  ACN  ext +  50  pg/mg  EtG  spiked.d  511,913 


a  Pg/mg- 


Table  2 

The  levels  of  EtG  in  teeth  (mean  ±  SEM). 


Group 

EtGa 

p 

MASTb  points 

p 

No  alcohol 

<LODc 

0.00 

Light  user 

6.20  ±  2.32 

0.000 

3.57  ±  0.64 

0.000 

Heavy  user 

21.55  +  1.07 

8.33  ±  0.70 

a  Pg/mg. 

b  MAST  point  0—4:  non-hazardous  alcohol  user,  5—9:  alcohol  abuser,  >10:  alcohol 
addiction. 

c  LOD:  Limit  of  Detection. 


2.5.  Identification  criteria 

The  identification  criteria  used  for  this  procedure  included  four 
components:  retention  time,  relative  ion  intensity  signal  to  noise 
and  baseline  resolution. 

2.6.  Validation 

Analytical  quality  assurance  study  of  the  method  was  performed 
with  definitions  of  the  parameters,  including  selectivity,  linearity, 
recovery,  limit  of  detection  (LOD)  and  limit  of  quantitation  (LOQ). 

2.6.1.  Selectivity 

Selectivity  (specificity)  is  an  indicator  of  the  extent  of  interfer¬ 
ence  for  a  particular  analyte  with  the  other  components  in  a 
mixture.  Within  the  selectivity  studies,  5  blind  specimens  were 
analyzed.  These  specimens  were  subjected  to  the  Specimen  prep¬ 
aration  process  and  analyzed.  No  any  peak  was  found  to  lead  to 
interference. 

2.6.2.  Linearity 

The  linearity  is  the  ability  of  analytical  procedure  to  produce  test 
results,  which  are  proportional  to  the  concentration  (amount)  of 
analyte  in  samples  within  a  given  concentration  range.  In  order 
to  define  the  linearity,  EtG  standard  solutions  were  prepared  in  a 
concentration  of  10  pg/ml,  and  the  linear  range  was  defined  as  2— 
2000  pg/mg.  To  assess  linearity,  a  calibration  curve  was  prepared  in 
replicate  (n  =  3)  and  analyzed.  The  acceptance  criteria  were:  a 
correlation  coefficient  (r)  and  determination  coefficient  (r2)  >0.99, 


and  a  precision  and  accuracy,  for  the  back  calculated  concentrations 
of  the  calibration  points,  within  ±15%. 

2.6.3.  Limit  of  detection  (LOD)  and  limit  of  quantitation  (LOQ) 

The  limit  of  detection  in  an  analytical  procedure  is  the  lowest 
amount  of  an  analyte  in  a  sample  that  can  be  detected,  but  not 
necessarily  quantitated  as  an  exact  value.  It  is  expressed  as  a  con¬ 
centration  at  a  specified  signalmoise  ratio  (SNR),  usually  as  3:1.  The 
limit  of  quantitation  is  the  lowest  amount  of  the  analyte  in  the 
sample  that  can  be  quantitatively  determined  with  defined  preci¬ 
sion  under  the  stated  experimental  conditions.  It  is  expressed  as  a 
concentration  at  a  specified  signalmoise  ratio  (SNR),  usually  as  10. 
For  the  method  used  in  this  study,  limit  of  detection  was  found  as 
0.48  pg/mg  and  limit  of  quantitation  as  1.61  pg/mg.  The  values 
obtained  were  confirmed  by  analyzing  of  the  samples  with  addition 
in  the  specified  concentrations  (Fig.  1). 

2.6.4.  Accuracy 

The  accuracy  can  be  determined  by  extracting  a  relevant  certi¬ 
fied  reference  material  (CRM)  and  calculating  the  percentage  re¬ 
coveries  relative  to  the  certified  values.  Because  we  had  not 
certified  reference  materials  of  tooth  extracts  samples,  accuracy 
examinations  were  made  with  calculating  the  percentage  re¬ 
coveries.  Recovery  is  a  measure  of  the  retaking  rate  of  the  sought 
analyte  added  into  the  sample.  For  this  purpose,  standard  EtG  of  5, 
20  and  50  pg/mg  was  added  to  the  samples  and  re-analyzed 
(Table  1). 

2.7.  Statistical  analysis 

Statistical  evaluations  were  performed  using  SPSS  for  Windows 
15.0  (Statistical  Package  for  Social  Sciences)  software  package  was 
used.  Continuous  variables  were  analyzed  by  Kolmogorov— Smir¬ 
nov  test  in  terms  of  the  normal  distribution.  Mann— Whitney  U  test 
was  used  to  compare  the  means  of  tooth  EtG  concentrations  in 
MAST  point  and  teeth.  Relations  between  continuous  variables 
were  examined  with  Pearson’s  correlation  coefficient.  All  statistical 
data  for  p  <  0.05  was  considered  significant.  A  probability  of 
p  <  0.001  was  considered  to  be  significant. 

3.  Results  and  discussion 

Ages  of  the  participants  included  in  the  study  ranged  between 
35  and  60  years  with  a  mean  of  43.34  ±  6.83  years.  All  participants 
were  male.  According  to  the  MAST  outcomes,  14  of  the  patients 
were  non-hazardous  alcohol  users,  and  9  were  alcohol  abusers, 
while  6  patients  verbally  declared  that  they  were  abstainers.  On  the 
analyses,  EtG  levels  was  found  to  be  ranged  between  EtG  <  LOD  and 
23.39  pg/mg  in  dental  tissues.  EtG  was  observed  as  <LOD  in  dental 


Ethyl  glucuronide  -  9  Levels,  9  Levels  Used,  9  Points,  9  Points  Used,  0  QCs 


Fig.  2.  Calibration  curve  for  standard  solutions. 
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specimens  of  6  abstainers  (Table  2).  Calibration  curve  of  the  stan¬ 
dard  samples  is  shown  in  Fig.  2.  Graphs  of  the  analyses  are  pre¬ 
sented  in  Fig.  3. 

A  significant  correlation  was  observed  between  EtG  values 
measured  in  the  dental  tissue  and  MAST  outcomes  of  the  statistical 
analyses  (r=  0.914)  (Fig.  4). 

In  this  study,  we  demonstrated  that  measurement  of  EtG  in 
dental  tissues  could  be  used  to  determine  alcohol  intake  behavior. 
Existence  of  the  statistical  correlation  between  EtG  values 
measured  in  the  dental  tissue  and  MAST  outcomes  suggested  that 
EtG  could  be  used  in  forensic  toxicological  investigations. 

Using  of  the  body  fluids  may  be  impossible,  especially  in  post¬ 
mortem  forensic  toxicological  investigations,  in  cases  of  the  sig¬ 
nificant  deterioration  of  the  body  integrity  as  in  postmortem 
decomposition  and  severe  traumatic  injuries,  etc.18  In  these  situa¬ 
tions,  durable  tissues  are  needed  for  analyses.19,20  Tooth  is  a  durable 
tissue  due  to  its  compact  structure.13,14  Because  of  bacterial  activity, 
toxicological  analyses  sometimes  may  yield  false-positive  or 
-negative  results,  which  making  difficult  to  interpret  the  results. 
Therefore,  the  least  influenced  tissues  by  bacterial  contamination 
are  recommended  to  be  utilized  in  postmortem  investigations.  We 
believe  the  dental  tissue  is  a  good  alternative  sample  for  this  thanks 
to  its  compact  structure  and  its  rich  blood  vessel  network. 

In  the  studies  subjecting  living  cases,  duration  required  for 
detection  of  EtG  was  stated  to  differ.12  In  a  study  investigating 
postmortem  body  fluids,  time  for  detection  of  EtG  was  sorted  as 
intraocular  fluid  >  urine  >  blood.6  This  duration  is  longer  in  kera¬ 
tinous  tissues.10,11  Dental  tissue  suggested  could  be  used  in 
revealing  of  the  alcohol  intake  behavior  in  longer  term. 

Significant  results  were  obtained  in  the  studies  examining  the 
correlation  between  alcohol  intake  behavior  and  EtG  levels  using 
blood,  nails  and  hair  samples  21-23  In  our  study;  a  significant  cor¬ 
relation  was  found  between  EtG  levels  and  MAST  outcomes 


Teeth  ETG  Levels  (  ppb) 


Mast  Point 

Fig.  4.  Demonstrating  of  the  correlation  between  EtG  and  MAST  outcomes. 
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Fig.  3.  Compound  graphics. 
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(r=  0.914).  Similarly,  there  are  several  studies  in  the  literature 
suggesting  EtG  level  as  an  indicator  of  the  alcohol  intake  behavior 
in  postmortem  cases.6 

It  is  stated  in  the  literature  that  demonstration  of  EtG  after  a 
certain  period  of  time  is  impossible.  EtG  is  superior  to  ethanol, 
although  the  demonstration  of  it  in  the  body  fluids  like  blood  and 
urine  is  possible  only  within  certain  time  limits.12  Thus,  keratinous 
tissues  such  as  hair  and  nails  might  be  needed  to  allow  assessment 
for  longer  periods.23-25  In  their  study,  Jones  et  al.  analyzed  EtG  in 
hair  and  nail  samples  and  emphasized  that  nail  samples  could  be 
used  in  revealing  of  the  alcohol  intake  behavior.26  Successful  results 
were  achieved  also  in  a  study  about  the  demonstration  of  EtG  in 
bone  marrow,  which  is  also  a  protected  like  dental  tissue.9 

In  the  studies  regarding  EtG  analyses,  GC/MS,  LC/MS  and  LC— 
MS/MS  devices  have  been  used.6,12,27,2S  In  the  present  study;  we 
used  LC/MS/MS.  Various  solutions  were  utilized  in  order  to  achieve 
the  best  extraction  method.  Water  was  used  as  a  solvent  in  the 
extraction  separately  with  acetonitrile,  methanol  and  mixture  of 
80%  acetonitrile— water  and  50%  acetonitrile— water.  After  the  ex¬ 
tractions,  the  peaks  were  examined.  The  best  result  for  tooth 
samples  was  decided  to  come  from  extractions  made  with  the 
mixture  of  50%  acetonitrile— water. 

4.  Conclusion 

The  findings  of  the  present  study  demonstrated  that  dental  tissue 
could  be  used  for  revealing  of  alcohol  intake.  There  was  a  correlation 
between  EtG  levels  detected  in  the  dental  tissue  and  alcohol  intake 
behavior,  suggesting  that  dental  tissue  could  be  used  for  alcohol 
intake  behavior  in  the  longer  periods.  Especially  in  postmortem 
forensic  medical  investigations,  obtaining  of  dental  tissue  is  always 
possible  compared  to  blood,  urine  and  intraocular  fluid.  Dental  tissue 
can  be  used  in  the  cases  of  the  deterioration  of  bodily  integrity  as  in 
decomposed  or  severely  injured  cases.  However,  further  studies  are 
needed  to  reveal  the  conditions  in  which  EtG  yields  false-positive 
results.  Particularly  studies  dealing  with  cases  suffered  from  dis¬ 
eases  causing  tooth  ischemia,  and  clarifying  effects  of  use  of  tooth¬ 
paste  and  mouthwash  solutions  on  EtG  levels  are  needed. 
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